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Abstract

Citizens are concerned about the declining quality of watet
sources and are motivated as individuals and groups to partic
in monitoring activities. Unfortunately, citizen volunteers often
lack specific, scientific knowledge and training that would mak
their efforts more relevant and effective. In contrast, managers
policymakers are often reluctant to use volunteer data becaus|

are unsure of its quality. We trained volunteers to collect benthi

macroinvertebrates from seven streams using the same proto
the biologists working for the local jurisdiction. Components of
variance derived from ANOVA detected no significant differen
between volunteer and professional field crews.

We combined metrics into a multimetric index and calculg
its statistical power to detect differences in stream condition.
statistical power of the index improved by only 13% when we
used professional data instead of volunteer data. We conclug
that volunteer monitoring can extend our knowledge and und
standing of the condition of local streams. In addition, the mu
metric index has the statistical precision and reliability neces
to manage and protect rivers and streams.

Introduction

mStatistical Power of Volunteer Monitoring Protocols

Puget Sound

mFerry Terminal Impacts on Juvenile Salmon

T photo courtesy of the Bellevue Stream Team

tools of biological assessment to citizen volunteers and then

€compare their efforts with those of professional biologists using a
€formal statistical framework. Using statistical power analysis, we
ltcompared volunteer and professional protocols so that resource
Safanagers would have an objective measure of the reliability of
volunteer assessments.

This project builds on other studies and uses the biological at-
tributes, or metrics, that have proven to be reliable indicators of

Citizen interest in issues related to water resources has ifi- human disturbance for Pacific Northwest streams (Kleindl, 1995;

creased dramatically in the last decade and many governme,
programs now include volunteer data in their official reports
(Kerr, et al., 1994; Mattson, et al., 1994; Firehock & West, 19
Lathrop & Markowitz, 1995; Beauchene, 1997; Carlson, 199
Karr, Allan & Benke, 1999). In the state of Washington, most
the approximately 11,000 volunteers are involved in surface
ter monitoring and protection. As of 1996, the Washington St
Department of Ecology was able to develop reliable informat]
for only four percent of Washington’s surface waters
(www.wa.gov/ecology/wg/wow/wdw/survey.html). Additional
monitoring might be accomplished by training volunteers to g
lect the type of data needed by the state to monitor streams;
ever, many managers and scientists question the quality and
bility of volunteer data. Our goal was to provide the scientific

htFore, Karr & Wisseman, 1996; May et al., 1997; Karr, 1998).

Biological metrics such as mayfly taxa richness, percentage of
opredators, and percentage of tolerant organisms are combined
7-into an index by transforming the metric values to a score of 5
ofindicating a value similar to, or deviating slightly from, that ob-
[vgerved in a minimally disturbed site), 3 (moderate deviation), or
hté (strong deviation; Karr et al., 1986; Davis and Simon, 1995;
oBarbour et al., 1998). The sum of metric scores provides an over-

all index value for each site that is then used to monitor and man-

age surface waters under the Clean Water Act (Ransel, 1995;
olSoutherland & Stribling, 1995). For this study, we used multi-
hBetric indexes derived from volunteer and professional protocols
régigvaluate volunteer efforts in the field and the lab.




Table 1. Biological metrics for invertebrates and their response to human disturbance.
Metric used in the volunteer index (VV) and the family-level index (VP.family) are marked by
an asterisk.

the data in the lab (VV); (2) professional biologists
collected field samples and a professional taxonomist
identified them (PP); (3) volunteer field samples were
identified by a professional taxonomist (VP); and (4)
the VP data set was modified so that taxa were identi-
fied exactly to the taxonomic level of family (VP.fami-
ly). We compared volunteer and professional results in
order to answer three questions: (1) How did volunteer
lab methods compare with taxonomic identification by
a professional lab? (2) For the same professional lab
protocol, did field methods differ for volunteers and
professionals? (3) What is the relative statistical preci-
sion of the four different protocols?

Biological metric Response
Taxa richness and composition
Total number of taxa * Decrease
Number of Ephemeroptera taxa * Decrease
Number of Plecoptera taxa * Decrease
Number of Trichoptera taxa * Decrease
Number of long-lived taxa Decrease
Tolerance
Number of intolerant taxa Decrease
% of individuals in tolerant taxa Increase
Feeding ecology
% of predator individuals Decrease
Number of clinger taxa Decrease
Population attributes
% dominance (3 taxa) * Increase

Materials and Methods

Study site descriptions
Streams sites were located in the Seattle area (King Courty|
of the Puget Sound basin. Seven stream sites were selected|to
represent a gradient from minimally disturbed to extremely d¢-
graded. All seven watersheds had been logged extensively; lan
use ranged from scattered dwellings and farms (minimal distjir-
bance) to highly developed urban landscapes. Three of the wat
sheds were completely developed (Pipers, Thornton and Kelse
with the only green space located in city parks. Two watershgd
(Soos and Evans) had very little native vegetation left and wegre
mostly developed as suburbs. Two watersheds (Rock and Hqld
had a high forest cover, though not the original vegetation.
Population density and development were relatively low in th
Rock and Holder watersheds but were rapidly increasing.

1%

Field protocol
Volunteers and professional biologists used exactly the same
sampling protocol and equipment to sample macroinvertebratgs.
Six sites were sampled by both crews, Pipers was only sampled
volunteers. Two crews, volunteer and professional, collected span
ples within approximately one month of each other. The secon
sample site was located upstream of the first to avoid any distyir-
bance caused by the first crew’s sampling. One site was an exce
tion: both crews sampled the same location on Evans Creek.

Lab protocols
In the lab, volunteers first sorted and counted invertebratgs
based on physical features such as gill shape and placemen{ in
mayflies. From their data, we calculated five metrics (Table 1).
Next, volunteer and professional samples were sent to a profes
sional taxonomic lab for more complete identification. The pro-
fessional lab identified most insects to species, genus for chi
ronomids, and order or higher for non-insects. Knowing the
taxonomic identity made it possible to calculate five more me
rics (Table 1).
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Data analysis
Four sets of data were used to evaluate the volunteers’ wpi

Figure 1. Volunteer metrics based on morphological sorting (VV) of similar
taxa were highly correlated

(p << 0.01) with professional metrics based on species-level taxonomic

(1) volunteers collected field samples and volunteers procesge anaiysis (V).
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First, we compared metric values derived from volunteer
professional lab identification. Although the professional taxo
mist was expected to identify more taxa, a strong correlation
tween volunteer and professional metrics indicates that eithe
method would rank sites similarly. Second, we compared field
methods using variance estimates derived from ANOVA. We ¢
mated the relative contributions of site differences, crew differ
ences, and measurement error to the total variability of index
scores. Third, we calculated the minimum detectable differen
(MDD) for index scores based on a two-sample t-test (Zar, 19
with a0.0.05 and 3=0.20 (Peterman 1990) for a 2-sided test. T
we were asking, what size difference between index scores d
have an 80% chance of detecting for a specified.85? We di-

Tdnteer (VP) and professional field data (PP) were also strongly

ocorrelated (Figure 2). The volunteer index score (VP) was much

pehigher for Evans. Evans was the only site where the identical lo-

cation was sampled by both volunteer and professional crews.

\olunteers sampled first and removed over 6,500 individuals and

patiisturbed the stream and banks around the sample site. The PP in-

L dex was lower because all of the taxa richness metrics were lower.
Lower taxa richness metrics supported the idea that the profes-

esional sample was biased by the previous volunteer sampling.

84) When we compared statistical precision of the various proto-

hesls, we found that a multimetric index based on volunteer data

D ordy (VV) could distinguish 4 categories of biotic integrity, exact-

ly the same number as for the professional analysis at the family

vided the possible range of the index (20 for the volunteer andl #&vel (VP.family). For these protocols, the index ranged from 5 to

for the professional index) by the MDD to obtain the number ¢
distinct categories of biotic integrity each index could detect.

Results

Metrics calculated by volunteers (VV) were strongly corre
ed with metrics calculated from professional taxonomic analy
(VP) (Figure 1) even though volunteers identified many fewe
taxa. Volunteers missed many of the Diptera, including all the
Chironomidae, and some smaller Trichoptera; they also had
culty distinguishing between Diptera. Nonetheless, when me
were scored and combined into an index, the indexes were
strongly correlated even though the volunteer index had fewe
metrics and, thus, a smaller range.

For the comparison of field methods, we held lab method ¢
stant by using professional lab analysis for both volunteer (VP
and professional (PP) field protocols. The variability due to cre
differences (professional vs. volunteer) contributed 0% to the ¢
all variability; thus, we conclude that there was no difference in
field collection methods. In contrast, most of the variability in ir
dex scores (80% and 90%) was due to differences across site
human disturbance. Only 10% of the variability was due to me)
urement error which included differences in sampling location
within a reach or differences related to time of day or weather.

Index scores calculated from professional lab analysis of \
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Figure 2. Index scores based on volunteer field methods (VP) and professional
field methods (PP) were highly correlated with each other (Pearsons r=0.90,
p <0.01; n=6) and with disturbance (Spearmans r=0.84, p < 0.05; r=0.99,

f 25; thus a change in index score of 5 or more points probably rep-
resents a real biological change. The protocol based on full taxo-
nomic identification (VP) could detect 4.5 categories of biotic in-
tegrity. The gain in precision from a professional taxonomic

afthalysis was thus quite small: precision increased only 13%.

sis  The actual protocol used by King County averages the metric

values for the three replicates collected at each site and calculates

a single B-IBI score. Although the volunteers used the profes-

Hiiional protocol for sampling, that protocol only yields one sam-

rigle of three replicates for each site. For most of our analyses, we
kept the three replicates separate because replicates are required

rto calculate statistical power. After we determined that there were
no differences in field methods due to field crew differences, we
biglt confident using the samples made by professional and volun-
teer crews as field replicates of the full protocol. In this case,
wrather than using the replicates to calculate MDD, we assumed no
vaifference due to crews and used the repeat visits as replicates to
estimate MDD. Because it represented a greater sampling effort,

_the full protocol was more precise. The index could detect 5.8

Sngggories based on a two-sample t-test design.

as- i
Discussion

The purpose of this study was to determine if volunteers

okould collect high quality data relevant to the management of ur-
ban watersheds. We compared the volunteer results with assess-
ments based on professional data at two points in the analysis.
We compared (1) volunteer and professional lab methods based
on the same field collection (VV to VP), and (2) volunteer vs.
professional field collection methods for the same (professional)
lab analysis (VP to PP). We found no differences between the
field methods of professional and volunteer crews. For lab meth-
ods, professional taxonomic analysis yielded more precise identi-
fication of taxa, but precision of the assessment increased only
slightly, by 13%.

The role of statistical power

Statistical power is defined as the probability of detecting a
difference, or change, when a difference truly exists (Peterman,
1990). When monitoring programs collect measurements that
have a large amount of error associated with them or when they
base comparisons on an inefficient experimental design (Steidl,
Hayes, & Schauber, 1997; Thomas, 1997), the resulting low sta-
tistical power means that changes in resource condition will be
very difficult to detect. A monitoring program that can only de-
tect extreme changes in a resource may not sound an alarm until

p << 0.01).
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after a resource is irreparably damaged (Peterman & M’'Gonifleenthic macroinvertebrates, and fish. Office of Water, USEPA, Washington, DC.

1992; Dayton, 1998). Such a program is unlikely to provide

&PA 841-D-97-002.

guate protection. For these reasons, the success of any monjt@arison, R. E. (1997) The 1995 and 1996 great American Secchi dip-in: a report
ing program relies on the statistical precision of the measuremrifte volunteers. Lakeline 17.

tools used to assess resource condition. This study showed
the statistical precision of volunteer assessments was comp3
to assessments based on professional methods.

The role of volunteers

Biological monitoring involves more than just collecting sdnf-
ples; there are several steps involved in putting a robust biolg o

cal monitoring program in place (Yoder & Rankin, 1995; Mah

Cullen & Norris, 1994). The role that volunteers play depends Qn

the purpose of the project and the questions being asked (M

et al., 1994; Carlson, 1997). This study showed that volunte IS J.R (

can provide meaningful field and laboratory support for moni

a)

haayton, P. K. (1998) Reversal of the burden of proof in fisheries management.

rQBiRaCe, 279, 821-822.

Davis, W. S. & T. P. Simon. (1995) Biological Assessment and Criteria, Tools for
Water Resource Planning and Decision Making. Lewis Publishers, Boca Raton, FL.

-irehock, K. & J. West. (1995) A brief history of volunteer biological water moni-
toring using macroinvertebrates. Journal of the North American Benthological
ociety, 14, 197-202.

r ) o

Fore, L. S., J. R. Karr & R. W. Wisseman. (1996) Assessing invertebrate respons-

to human activities: evaluating alternative approaches. Journal of the North
UGMMican Benthological Society, 15, 212-231.

1998) Rivers as sentinels: using the hiology of rivers to guide land-
EE:ape management. River Ecology and Management: Lessons from the Pacific

ing of invertebrates as indicators of the condition of wadable Coastal Ecosystem (eds. R. J. Naiman and R. E. Bilby), pp. 502-528. Springer, NY.

rivers and streams.

Karr, J.R., J. D. Allan & A. C, Benke. (1999) River conservation in the United

Volunteer groups may be unable to pay for professional tgxgates and Canada: science, policy, and practice. River Conservation: Science,
nomic analysis (~$250 per site for this protocol) but are often| Policy, Practice (eds. P. J. Boon, B. R. Davies, and G. E. Petts). J. Wiley.

willing to spend their time to learn about local streams and u
derstand their biology. For a local stream of concern, volunte
can monitor the stream and watch for changes. Each year af
they have evaluated their samples and made an assessment
unteers could archive their samples. If they observe a chang
their assessment is contested, they can send their archived 3
ples to a professional taxonomist for a more complete analys

Conclusions

In order to protect our remaining resources, we need to a
their condition reliably and regularly. The cost of sample collg
tion can limit the number of sites monitored each year. Volun{
data collection can extend our knowledge and understanding
resource condition and supplement the information available
managers. This project demonstrated that citizen volunteers
capable of collecting meaningful data, and their assessmentg
comparable to those based on professional data.

Editor s Notes

A longer version of this article will appear in an upcoming
sue of theJournal of Freshwater Biology
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Tracking Gray Whales in Puget Sound
. by John Calambokidis, Cascadia Research

For more than a decade Cascadia Research has studied
gray whales that come into Washington waters to feed in the

spring, summer, and fall. The research was initially motivatec

concerns about the role of pollutants in gray whale deaths in
1980s. Each year Cascadia:
» Compiles sightings from the

public reported to Cascadia’s sighting line or to the Wha|

Museum'’s hotline.

» Conducts examinations of gray whales that wash up #=

dead in Washington (as part of the Northwest
Marine Mammal Stranding Network).

» Conducts boat surveys primarily to obtain ides _ 5 ol
tification photographs that allow us to recoc #«: & 2
nize and track individual ': :

animals. "'r” i ,::_-’ :

» Compiles identification photographs ;;{ '
obtained by other researchers in the
Northwest.

When Cascadia started this re- ff A
search, it was not known that
some gray whales returned rﬂlﬁ‘
each year to Washington -
waters to feed for ex-
tended periods
rather than mi-

grating past
(This phe-

the coast. ?," _
i L .
o W‘H nomenon had first been de-

scribed as occurring along the coa

..-

of British Columbia). Close to 200 of these “se

sonal resident” whales have been identified in Washington S
The use of the term “resident” for these whales is somewhat
misnomer because they still migrate south each winter.
Most of the “seasonal resident” gray whales have been id
fied feeding off the northern Washington outer coast and in t

Strait of Juan de Fuca. These animals are typically seen from

spring through fall. In 1998, for the first time, a network of re-
searchers collaborated with Cascadia in obtaining identificati
photographs of gray whales from northern California to
Southeast Alaska. Analysis of these photographs is currently
derway. However, initial analysis indicates that these whales
lize this entire region, showing some local site fidelity but
switching locations in response to prey availability. One gray
whale seen typically off the Washington coast for many yearg
not in 1998, was found feeding near Sitka in Southeast Alask
1998.

Another group of gray whales returns each spring to the
Whidbey Island area. They are often seen feeding on dense
shrimp beds in Saratoga Passage and Port Susan between |
and May. Five of these whales have been seen most years §

fact is that they leave after only a few months and move on to un-
known locations. They have not been sighted off the Washington
or British Columbian outer coast. In the first five years of study,
the group tended to leave earlier in the season each successive
year. One possible explanation is that ghost shrimp are longer
lived than most gray whale prey and thus, the whales moved on
thgfter depleting the ghost shrimp.

The number of gray whales coming into southern Puget
BYound has been variable from year to year. Although few were
the seen in 1997, an unusually
high number of gray
whales visited
the south
sound be-

_ ginning

1‘ in

i ™

late 1998. Unlike

the gray whales seer £&

elsewhere, those in this

area are rarely repeat visi

tors. Especially in the early

years of research, one in three o.

the whales that were identified in ,
Gray whale drawing by

south I.DugeF Sound were later foul o, Shepard

dead. While this left some people sus

picious of the role of pollutants in these

deaths, a more likely explanation is that these were starving ani-

mals unable to complete the migration to their typical feeding ar-

eas in the Bering Sea.

Stranded gray whales that Cascadia has examined in
Washington State have died from a number of different causes.
Some were struck by boats or attacked by killer whales and
some had drowned due to entanglement in nets or lines. For
many of these dead whales, including most of those that died in
Puget Sound, there was not a clear cause of death but their body
slcondition indicated they may have starved to death. No clear evi-
@dence indicates that any of the whales died from pollutants, even
atRough some accounts in the 1980s suggested this. The
oEavironmental Conservation Division of the National Marine
Fisheries Service has been testing gray whale tissue for contami-
Effimt levels. Levels of most contaminants have been much lower
€than are found in many other species of marine mammals.

There is more concern about potential mortality of gray

whales this year due to reports of high numbers of gray whales
PiRhat died when the population was at its breeding grounds in

Baja, Mexico. This is an area where a proposed salt factory near
Whe lagoons has heightened concern about threats to gray whales.
Ukiso, although the Makah Tribe did not kill a whale in 1998, at-

tempts to hunt are poised to resume and this is certain to also

raise concerns about impacts to gray whales. Given the current
Rythy whale population of more than 26,000 however, the number
adPwhales that have died or the number to be hunted do not ap-
pear to pose a threat to the population.

1999 promises to be an interesting year for gray whale re-
OR@slrch. There have already been five strandings, and initial sur-
)% in April found more than 20 gray whales in Puget Sound.
NtAere are a number of ways people can help or participate in the

1990 (when Cascadia began surveying this area). One surpr

sk@earch:



* If you see a gray whale in Puget Sound or inside waters
Cascadia to report the sighting (1-800-747-7329)
« If you are in a boat, avoid disturbing the whale by maintgi

ing a slow steady speed, stay behind and to the side of thB

whale (do not get ahead), and keep at least 100 yards a
« If you want to read more about Cascadia’s gray whale rg-
search, contribute to their research effort, or adopt a gral
whale, visit their web site (www.CascadiaResearch.org).

Editor s Note:

John Calambokidis and Cascadia Research spent the mog
of April and May dealing with the unprecendented number of
gray whales in Puget Sound this spring, including 6 dead wh
in the second half of April. The recent sightings and mortaliti
have resulted in heightened concern and interest on the part
natural resource agencies, the public and the media.

Calambokidis has been conducting surveys, necropsies of d¢

whales, answering questions from the public and the media,
dinating with agencies, and dealing with the logistics of dispg
ing and moving gray whales as part of the effort to try to dete
mine the cause for the unusually high number of sightings an
mortalities.

Cascadia Research is a non-profit research organization founde
1979 and based in Olympia, Washington, that focuses on research
endangered marine mammals and human impacts on marine mamr
Access to their reports (including a full text version of the primary re
port on which this article is based) is available through the website.
Their gray whale research is largely a volunteer effort although they
ceive some important support from the National Marine Mammal
Laboratory and the Washington Department of Fish and Wildlife.

Non-indigenous Species in Puget Sound:
Preliminary Results of the First Systematic
Survey by the Puget Sound Expedition

By Betty Bookheim and Helen Berry, Nearshore Habitat Program,
Washington State Department of Natural Resources

Awareness of the threat of non-indigenous species is bec
ing widespread. These species have been introduced to
Washington’s marine waters through shipping, aquaculture, g
other human activities. In Puget Sound, current research intg
non-indigenous species has focused on tracking and controll
several species of concern, including the cordgsasstina
species and the green ci@arcinas maenaslhese species of
concern and their undesirable effects on the ecosystem are g
paratively well understood. In contrast, most non-indigenous
species in Puget Sound are neither recognized nor known. O
recognized, the impacts of an introduced species are difficult
predict. While the impacts of many non-indigenous species ¢
be unnoticed, others can be catastrophic. For example, an in

duced Atlantic shipworm bored its way through the entire maf

itime infrastructure—wharves, piers and ferry slips—causing

more than $2 billion in damage over a two-year period in nor{h

ern San Francisco Bay. Although they are often more difficult
assess, the ecological effects of non-indigenous species can
more severe than the economic effects.

&dmpling Techniques
To address the paucity of baseline information in Puget
"Sound, the Nearshore Habitat Program of the Washington
epartment of Natural Resources (WDNR) jointly organized the
ﬁ%get Sound Expedition with the University of Washington
(UW) and the San Francisco Estuary Institute. The cooperative

y project brought together 19 experts for the first systematic survey

for marine non-indigenous species in the region. From
September 8 - 16, 1998, scientists rapidly and inexpensively as-
sessed the patterns of geographic distribution and relative abun-
Ntgnce of non-indigenous species. The team sampled 25 sites that
represent a range of environmental and anthropogenic conditions
l@sthe state’s inland marine waters between Blaine and Shelton.
P$Figure 1) We adopted methods used by previous San Francisco
oExpeditions (Cohen and Carlton, 1995) that focused primarily on
sampling floating docks and associated benthic habitats. These
agteas can be easily accessed, provide an obvious pathway for in-
C@@duction, and provide a protected location for larval settlement
Sand survival. In addition, nearby intertidal sites were opportunis-
Itically sampled.
d  The survey focused on invertebrate and algae species which
are common organisms in a fouling community. Dock-fouling or-
i flanisms were sampled by a variety of simple manual techniques.
bf Sampling tools included hand scrapers, sieves, a long-handled
halgraper with a fine steel mesh net, and a long-handled (2.4 meter
pole) net with 1 mm mesh. From each dock site we obtained a
one-liter representative voucher collection, and additional sam-
rples of material of interest. The samples were kept on ice, on
days with laboratory time scheduled soon after the field work,
and preserved in formalin or alcohol on other days. A sample of
live bay musselsMytilus spp.) was collected from each site
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where they were present and frozen to preserve them for siibsalect larger infauna. Vertical plankton hauls and horizontal

guent genetic analysis.

plankton tows were taken by pulling a plankton net alongside

At most dock sites, benthic and plankton samples were fakach dock, close to the dock fouling, in an effort to obtain
en. An Ekman grab was used to obtain non-quantitative bottosemersal organisms such as harpacticoid copepods.
samples that were sieve-washed and sorted on site. A custpm- Taxonomic identification was conducted at the King County
made cylindrical benthic sampler, fitted with 1 mm stainless| Environmental Lab during sampling and at the Friday Harbor
steel mesh walls, was thrown out on a line and retrieved by| Labs for six days following sampling. Taxonomists with a broad
dragging along the bottom, working like a small benthic sled t@nge of expertise were needed to identify the diverse biotic com-

Table 1. Origins, First Records and Mechanisms of Introduction of Non-indigenous Species Collected by the Puget Sound Expedition

This list of species is provisional pending further taxonomic work and review by expedition members and associates.

Native ranges, dates of first record (planting, collection, observation or report) in Puget Sound and on the Pacific @tdagtoéfita, and
possible initial mechanisms of introduction to the Pacific Coast are given. First records consisting of written accoamstthtdtd the date of
planting, collection or observation are preceded by the symbol "<". Mechanisms given in parentheses indicate less likisipsnétbemanisms
are listed as:

OA-with shipments of Atlantic oysters OJ-with shipments of Japanese oysters
SF-in ship fouling or boring SB-in solid ballast
BWe-in ship ballast water or seawater system MR-planted for marsh restoration or erosion control
General Taxon ~ Species Native Range First Pacific Coast Record First Puget Sound Record Possible Mechanism of Introduction
Seaweeds Sargassum muticum Japan 1944 ? 0J
Anthophyta  Spartina anglica England 1961-62 1961-62 MR
Zostera japonica W Pacific 1957 ? 0J
Foraminifera Trochammina hadai Japan 1983 1997 BW,SF,0J
Cnidaria Cordylophora caspia Black/Caspian Seas ca. 1920 ca. 1920 BW,SF
Diadumene lineata Asia 1906 <1939 OA,SF
Annelida Hobsonia florida NW Atlantic 1940 1940 ?
Pseudopolydora sp. ? ? ? ?
Mollusca Batillaria attramentaria  Japan 1924 1924 QJ
Crepidula fornicata NW Atlantic 1905 1905 OA
Myosotella myosotis Europe? 1871 1927 OA(SB,SF)
Crassostrea gigas Japan 1875 1875 oJ
Mya arenaria NW Atlantic 1874 1888-89 OA
Nuttallia obscurata Japan, Korea (China?)1989 1991-96 BW
Venerupis philippinarum NW Pacific 1924 1924 0J
Copepoda Choniostomatid copepod ? ? 1998 ?
Cumacea Nippoleucon hinumensis Japan 1979 1998 BW
Isopoda Limnoria tripunctata not known 1871 or 1875 ? SF
Amphipoda  Ampithoe valida NW Atlantic 1941 ? BW,0A,SF
Caprella mutica Japan to Vladivostok 1973-77 1998 BW,0J
Corophium acherusicum not known 1905 1974-75 OA,SF
Corophium insidiosum N Atlantic 1915 1930 OA,SF
Eochelidium sp. Japan or Korea early 1990s? 1997 BW
Grandidierella japonica Japan 1966 ? BW,0J,SF
Jassa marmorata NW Atlantic 1941 ? BW, SF
Melita nitida NW Atlantic 1938 1966 BW,0A,SB,SF
Parapleustes derzhavini W Pacific? 1904 1998 SF
Entoprocta Barentsia benedeni Europe 1929 <1998 QJ,SF
Bryozoa Bowerbankia gracilis NW Atlantic? <1923 <1953 OA,SF
Bugula sp. 1 ? ? 1993 ?
Bugula sp. 2 ? ? 1998 ?
Bugula stolonifera NW Atlantic <1978 1998 SF
Cryptosula pallasiana N Atlantic 1943-44 1998 OA,SF
Schizoporella unicornis  NW Pacific 1927 1927 OJ,SF
Urochordata Botrylloides violaceus  Japan 1973 1977 OJ,SF
Botryllus schlosseri NE Atlantic 1944-47 ? OA,SF
Ciona savignyi Japan? 1985 1998 BW,SF
Molgula manhattensis  NW Atlantic 1949 1998 BW,0A,SF
Styela clava China to Okhotsk Sea 1932-33 1998 BW,0J,SF




munities routinely found in Puget Sound. Additionally, familia
ty with both local and non-local species was needed in order
identify non-indigenous species. Extensive specialized exper
was provided through 19 scientists from 10 institutions.
Participants included: Helen Berry (DNR), Brian Bingham
(Western Washington University), Betty Bookheim (DNR),

James Carlton (Williams College), John Chapman (Oregon S %%

University), Andrew Cohen (San Francisco Estuary Institute)

Jeff Cordell (UW), Leslie Harris (Los Angeles County Museuin

of Natural History), Terrie Klinger (UW, Friday Harbor Labs),
Alan Kohn (UW, Seattle), Eugene Kozloff (UW, Friday Harbo
Labs), Charles and Gretchen Lambert (California State
University), Kevin Li (King County Department of Natural
Resources), Claudia Mills (UW, Friday Harbor Labs), Bruno
Pernet (UW, Friday Harbor Labs), David Secord (UW, Tacom
Jason Toft (UW), and Marjorie Wonham (UW).

Expedition Findings

The Expedition collected and identified 39 non-indigenoug
invertebrate, algae and vascular plant species in six days of
pling. Much analysis remains to be completed, including gen
analysis of mussels, and identification of plankton samples.
Highlights of the preliminary findings include:

* We collected 10 non-indigenous species which had no
been previously reported in Puget Sound. These disco
ies increase the number of known non-indigenous spe
to 52 in Puget Sound salt and brackish waters. Previo
unrecorded non-indigenous organisms that were found
the Expedition include: the copephigpbpoleucon hinu-
mensisa choniostomatid copepod, the amphipods
Caprella muticaandParapleustes derzhavirthe bry-
ozoansBugula stoloniferaBugulaspecies, and
Cryptosula pallasianaand the ascidiarGiona savignyi
Molgula manhattensjsandStyela clava

Puget Sound has far fewer non-indigenous species thg
San Francisco Bay, which is known to have over 150
species in similar habitats (A.Cohen, unpublished data|
1999). However, this comparison should not put us at
ease. San Francisco Bay is known to be one of the mg
invaded estuaries in the world, where introduced speci
are the dominant flora and fauna.

For the non-indigenous species collected by the
Expedition whose native range is known, approximatel
half are from the North Atlantic and half are from the
Western Pacific. However, the importance of the two
source regions appears to have shifted over time. The
jority of species discovered before 1950 are from the
North Atlantic while the majority of species discovered
ter 1950 are from the Western Pacific (Table 1).

Initial analysis of the distribution of non-indigenous speqg
collected by the Expedition reveals no obvious trends w
regard to salinity, temperature or region. The highest nu
ber of introductions was found at Shelton, Des Moines,
Seabeck and Blaine, which represent the northern and
southern endpoints and two midpoints in the study area

The Expedition scientists will continue research on the ¢
tribution and impacts of non-indigenous species. Resul
have already been made available in a range of forums,
cluding the 1999 Marine Bioinvasions Conference at thq
Massachusetts Institute of Technology, the Washington
Shellfish Growers Conference, and Sea Grant publicatid

iNext Steps

o The Expedition took a first step toward providing baseline in-

tI?Srmation on non-indigenous species present in Puget Sound.
However, the ecology and potential impacts of most of the
species found are not well understood. More research is needed
to understand the ecological consequences of introduced species,
luding more comprehensive surveys to determine distribution
and abundance, source areas, native habitats, and life histories.

In conjunction with research, management strategies are es-
sential to address the threat of these species. Policies are needed
to minimize the introduction and spread of non-indigenous
species through such activities as shipping, aquaculture, and
recreational boating. The ecological integrity of our marine
ecosystem needs to be protected and restored in order to decrease
a)ts susceptibility to invasion. WDNR is working with the
Washington Department of Fish and Wildlife (WDFW), the lead
agency for controlling nuisance species and minimizing species
introductions.

For more detailed information, copies of the Expedition re-
b3§8rt are available from the Nearshore Habitat Program at WDNR
1(360) 902-1100. Questions about non-indigenous species and
their management can be addressed to Scott Smith, the WDFW
aguatic nuisance species coordinator at (360)902-0306.

—

fiZXSE:knowledgements

isly The authors would like to thank all of the participants who do-
mated their time and equipment. Direct costs of food, lodging, and
transportation were funded by the WDNR, US Fish and Wildlife
Service, and the Puget Sound Water Quality Action Team.

Literature cited

Cohen, A.N. and J. T. Carlton 1995. Non-indigenous Aquatic Species in a United
States Estuary: A Case Study of the Biological Invasions of the San Francisco
nBay and Delta. Prepared for the U.S. Fish and Wildlife Service, Washington D.C.

Cohen, A.N., C.Mills, H.Berry, M.Wonham,B.Bingham, B.Bookheim, J.Carlton,
J.Chapman, J. Cordell, L.Harris, T.Klinger, A.Kohn, C.Lambert, G.Lambert, K.Li,
D.Secord and J.Toft. 1998. A Rapid Assessment Survey of Non-indigenous
StSpecies in the Shallow Waters of Puget Sound. Prepared for Washington State
EPepartment of Natural Resources, Olympia, WA. and U.S. Fish and Wildlife
Service, Lacey, WA.

~

ma-
af-
ies

th
"n_

s_

in-

ns.




Ferry Terminal Impacts on Juvenile
Salmon Migrating through Puget Sound
Nearshore Environments

Charles A. Simenstad and Jeffery R. Cordell
Wetland Ecosystem Team, School of Fisheries
University of Washington

Ronald M. Thom and David K. Shreffler
Battelle Marine Sciences Laboratory
Sequim, Washington

Barbara Nightengale
School of Marine Affairs
University of Washington

James A. Schafer
Washington Department of Transportation
Olympia, Washington

Abstract

The University of Washington’s School of Fisheries and
School of Marine Affairs and Battelle Marine Sciences
Laboratory are jointly conducting a comprehensive research
ect supported by the Washington State Department of
Transportation (WSDOT) to determine whether ferry termina
impact migrating juvenile salmon and, if so, how future desig
and modifications to both ferry terminals and operations can
igate impacts. Shoreline structures such as ferry terminals m
adversely affect juvenile salmon (especially ocean-type chind
and chum) by directly disrupting their migratory behavior alo
shallow water shoreline habitats, indirectly reducing carrying
pacity by reducing the production of under-structure habitats
promoting increased predation by other fish and birds. This p
ect is in three phases: I. assessment of the state of technical
knowledge and preliminary characterization of existing light &
vironment and biological communities associated with ferry t
minals of different sizes, ages, and construction materials; II.
lot studies on juvenile salmon response to over-water structu

sources’ responses to differing ferry terminal structures, ferry ac-
tivity and environmental conditions. Ultimately, results from this
research will address new terminal design or retrofitting and ferry
operations criteria for the WSDOT ferry system to mitigate any
impacts on estuarine/nearshore migrating juvenile salmon.

Introduction

Shoreline structures such as ferry terminals pose potential
barriers or inhibitors to juvenile salmon migrating along shallow
water habitats of Puget Sound during their emigration to the
Pacific Ocean. Many of Puget Sound’s salmon populations rely
on estuarine and nearshore environments during their early life
history. This period is tied to early entry to Puget Sound as fry
and fingerlings 30-80 mm in length after no or minimal residence
in their natal freshwater spawning sites. Accumulating evidence
indicates that the estuarine/nearshore period is a critical life his-
tory stage in meeting juvenile energy, growth and survival re-
guirements for these “ocean-type” populations. Juvenile ocean-
type chinook, chum and pink salmon that migrate early as fry or
fingerlings are believed to be particularly vulnerable because
they volitionally migrate along the shallow water. Two Puget
Sound salmon stocks of Endangered Species Act (ESA) concern
(fall chinook, summer chum) fall into this estuarine/nearshore-re-
liant category. The mechanisms believed to account for this re-
Plince are: (1) preference for shallow water habitat as a refuge
from predation; (2) preference for small, non-evasive food organ-
Sisms that are readily available in shallow water habitats; and (3)
' aversion to entering a contrasting light environment to which the
Mihvenile salmon are not adapted or have no experience. The
A¥:orollary is that when encountering certain types of over-water
oltructures, juvenile salmon preferentially seeking shallow water
Owill be forced into deep water, resulting in higher predation risk
Cand lower feeding capacity. Many shoreline structures and modi-
aHlﬁations represent the potential conditions to alter juvenile
'Yalmon behavior and their migratory habitat, of which ferry ter-

minals are but one type.
N- The Washington State Department of Transportation (WS-
P'DOT) Ferry System is increasingly concerned with the need to
Piitigate the impacts of its ferry terminals and operations on envi-
'$®nmental resources in the estuarine/marine waters of

and effects on their under-structure prey resources; and Ill. flliyyashington State. Increasing pressures from burgeoning ferry

scale implementation of field sampling and experiments. Ph
assessments of the technical literature are completed. Resu
from Phase | assessment of more than 60 direct sources of i
mation provide evidence that juvenile salmon react to shado
and other artifacts in the shoreline environment imposed by
shoreline structures, and can encounter limited prey resourc
der shoreline structures when disturbance of important habit
such as eelgrass (Zostera marina) occurs. Evidence for sign
cant increases in predation associated with docks is generall
lacking. However, effects vary depending on the design of th
shoreline structure, its alteration of the underwater light field,
presence of artificial light, and significance of short-term deld
in the salmons’ migration or cumulative impacts. Early in Ph
I, research is focused on developing techniques for docume
in situ behavior and quantifying effects on juvenile salmon en
countering ferry terminal structures. Phase lll, to be initiated
er this year, will involve sampling and experiments at differen

AS@sk will require WSDOT to expand its ferry terminals in the near
Juture. Overall population pressures on the shoreline are also in-
hfefeasing concurrently. Consequently, there is an urgent need to
VYather scientific data that can contribute to cumulative impact as-
sessments of ferry terminals and other shoreline structures that
Spdflentially affect nearshore resources such as juvenile salmon
.tfﬁnd the ecological processes that sustain them. Due to the in-
ifcreased concern and listing of Pacific salmon stocks under the
Y Endangered Species Act (ESA), WSDOT is specifically interest-
€ed in resolving issues and approaches for mitigating impacts to
ﬂPﬁigrating juvenile salmon.
VS In response to this need, in early 1998, WSDOT initiated sup-
A3sort of a comprehensive research project to evaluate the
"tH¥hrshore effects of its ferry terminals on migrating juvenile
-salmon. A research team (Simenstad et al. 1997) of the
I3<B*niversity of Washington’s (UW) School of Fisheries and School
[ of Marine Affairs and the Battelle Marine Sciences Laboratory

WSDOT ferry terminals to test juvenile salmon and their prey

re-



(BMSL) which had previously assessed ferry-related impacts
eelgrass habitat for WSDOT was reassembled to assess the
ence of ferry terminals in:

* limiting or altering the estuarine nearshore migration of
juvenile salmon;

« reducing estuarine primary and secondary productivity s
porting juvenile salmon foraging;

on This research program is being conducted in three phases
ir(figure 1): 1. assessment of the state of our technical knowledge
about the effects of shoreline structures on migrating juvenile
salmon, and preliminary characterization of existing light envi-
ronment and biological communities associated with ferry termi-
Lipals of different sizes, ages, and construction materials; Il. pilot
studies on juvenile salmon behavior and response to over-water

« attracting or concentrating populations of predators on npistructures and on their under-structure prey resources; and lll.

grating juvenile salmon.

The objectives of the overall research project are to:

« identify documented and hypothesized impacts of ferry
terminals on juvenile salmon (Phase I);

* synthesize all evidence around the identified mechanisn
impact, analyze the scientific basis for or against impact

full-scale implementation of field trials testing the effects of dif-
ferent ferry terminals and ferry activity patterns on migrating ju-
venile salmon.
Phase | has recently been completed, the results of which will
be available in a WSDOT technical research report and online at
SWEDOT’s Web site in May. Phase Il is presently underway.
5,Phase Il will be initiated by fall 1999, with extensive field inves-

prepare a synopsis of the outstanding gaps in the state ¢fttgations scheduled for 2000 and 2001, and results available in

knowledge, and recommend research to resolve those
(Phase I);

« conduct research to identify the mechanisms and magni
of ferry terminal impacts on migrating juvenile salmon ar
their requisite nearshore habitats (Phase II-Il); and

* prepare a final interpretive document that summarizes tf
synthesis and research results about ferry terminal impa
on juvenile salmon and their nearshore habitat, and proy
recommendations for best management practices and n
gation for future ferry terminal construction, retrofitting a

ajzge 2001 to early 2002.

juabase |: Status of Knowledge

d  phase | began with an informational workshop held in March
1998 to: (1) introduce resource agencies, tribes, the public, and
€other stakeholders to the objectives, hypotheses, and scope of the
‘_ﬁﬁewly initiated research program; (2) seek information for incor-
'_qﬁ)ration into the synthesis document; and (3) to solicit input pri-
%r to beginning any laboratory or field studies. One of the pri-
‘%ary results of the workshop was the realization that the scope of

operations (Phase III).

Strategic Plan for Assessing Ferry Terminal Impacts on Migrating Juvenile Salmon

Resource Ecology
(uw)

Phase Il: Salmon Prey / Research Coordinator\ Phase Il: Salmon

Interdisciplinary Team

Behavior and Pilot
Experiments (BMSL)

|

Field Sampling of Under-

Phase 1: State of Knowledge

Structure Prey Resources

Sampling juvenile salmon prey
resources along shading and tidal
elevation gradients within and
adjacent to overwater structure.
Sample juvenile salmon feeding
in vicinity to verify selectivity of
prey organisms.

I

Field Manipulation Experiments

In order to separate light shading
from confounding factors, such
as ferry plume disturbance,
sample prey resources in
manipulated aquatic plants (algae,
eelgrass) and substrates along
overwater structure gradient.

Joint Effort

Evaluate state of scientific knowledge and
literature about effects of overwater structure
on migrating juvenile salmon, including
behavioral response to shading and disturbance,
modification and loss of prey resources, and
increased predation. Identify gaps in knowledge
and set priorities for research. Design laboratory,
mesocosm and field studies to address priority
research needs.

/

I

Phase llI: Mitigation of
Ferry Terminal Impacts
on Prey Resources

Develop design criteria for
mitigation of impacts to prey
resource production associated
with dock shading and disturbance.

Phase llI: Full-Scale
Implementation of Field Studies

Conduct full-scale, on-site tests of the effects
of different ferry terminals and vessel activity
patterns on migrating juvenile salmon. Use
existing variation among existing ferry terminals
and vessels operations to provide a range of
environments to test effect of natural thresholds
in light and ferry disturbance. Using marked
juvenile salmon, trace their migration, feeding
predator avoidance and other behaviors as they
encounter and pass under or around the terminal
structure. Evaluate changes in migration rate,
survival and feeding due to terminal as
compared to natural shoreline. Specifically
documents prey resources and predator
populations to which the juvenile salmon
respond in the terminal environment.

Pilot Field Experiments

Conduct pilot field studies to
document behavioral responses
in situ to overwater structure under
natural nearshore conditions.
Employ hydroacoustics and video
to quantify distribution, abundance
and movements of juvenile salmon
under or around shoreline
structure.

Phase llI: Mitigation of
Ferry Terminal Shading
and

Disturbance

Develop design criteria for
incorporation into ferry terminal
design that mitigates impacts on
migrating juveniles salmon.

Figure 1. Strategic plan for assessing ferry terminal impacts on migrating juvenile salmon
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literature review would have to include the brd

ing fish, prey and aquatic habitat responses t¢ Substrate
over-water structures) sources were summari L, /

by three topics: (1) migratory behavior, (2) pri Preferred Prey food source and refuge Plants
mary-secondary production links to salmon p Resources " . N
resources, and (3) predation on salmon. The arezing effect

were integrated into a simple conceptual mod
that related both direct and indirect effects (. + empirical knowiedge
(Figure 2). A WorldWideWeb sitevas estab- ——————+ inferred or hypothesized
lished to provide the opportunity for review of esosen
information as it was gathered and incorporat Figure 2. Conceptual model of direct and indirect effects on salmon habitat.

into the database, and a mechanism for direct ) ) _ ] _
submission of comments, suggestions and contributions. of light on juvenile salmon. In collaboration with the US Army

In preparation for a second workshop, scientists from BMICOTPS of Engineers-Seattle District (USACE-Seattle) the re-
also conducted diving and light surveys at five ferry terminald. S€arch team is conducting preliminary field experiments using
The goal of these surveys was to gather preliminary data anc pydroacoustic and video methods to track juvenile salmon re-

derwater video to document the existing light environment arldSPONSes to altered light environment in the nearshore region at
biological communities associated with ferry terminals of diff¢rih€ Port Townsend Ferry Terminal in Spring 1999. The results of
ent sizes, ages, and construction materials. this pilot field study will provide critical data to aid in the design

The second workshop was held in August 1998 to present RE Phase III's large-scale, replicated, mark and recapture studies.
results of the team’s state of knowledge on the impacts of fer . .
terminals on migrating juvenile salmo?w. In coordir?ation with t ghase lll: Full-Scale Field Studies
workshop participants, the UW-BMSL team developed a reseprch Results of Phases | and Il will be used to develop full-scale,
program to address specific gaps in our understanding of identifin-site tests of the effects of different WSDOT ferry terminals and
able impacts. Based on the Phase | analyses, the research t¢arassel activity patterns on migrating juvenile chum and chinook
concluded that (1) ocean-type juvenile salmon prefer to migrgtesmimon (Figure 1). Existing variation among WSDQOT ferry ter-
shallow water along the edges of refugia, such as eelgrass, dpekinals and vessel operations will provide a range of environments
shadows, turbid zones, 2) schools of salmon fry and fingerlingsto test the effect of ranges and variation in under-terminal light
disperse upon encountering docks but are attracted to under-ddekel and characteristics and ferry disturbance, as well as potential
lights at night and to prey resource areas, 3) delays in migratiptierminal-associated predators, on migratory behavior, feeding, and
direction occur when juveniles are confronted with conflicts in| prey resource production and availability. We will relate terminal
preferences, and 4) there is little technical data to substantiate thgtacts on light and other under-terminal environmental charac-
shoreline structures aggregate predators, although there are gderéstics to the state of knowledge about juvenile salmon behavioral
conditions (e.g., artificial lighting around docks at night) that neeelsponses to different light stimuli, spectral and intensity percep-
to be investigated further. The workshop participants identifigdtion thresholds, and other effects imposed by such over-water
the need for better conceptual models of both fish and aquati¢ structures. The UW-BSML team will use mark-and-recapture ex-
plant responses to light relative to the variability in shoreline | periments with chum and/or chinook fry to evaluate the behavioral
structure environments, and the need to recognize diel (day dr responses and performance at three ferry terminal sites. In addi-
night) effects on over-water structure impacts on juvenile salmdion to varying ferry terminal design, dimension, and setting, these
manipulated release experiments will be conducted during differ-
Phase II: Pilot Experiments ent seasonal and diel conditions. Fish behavior will be evaluated

Participants at the second workshop identified a number ¢fPY @ combination of hydroacoustics, video and diver observations,
factors that might affect juvenile salmon migration, including and net sampling. _Flsh performance will be measure(.j.as migration
light levels, “perceived” predators, ferry activity patterns, and rate and consumption of preferred prey. The composition and ex-

dock characteristics. Phase Il will focus primarily on the effegt{nt Of refuge habitat, with particular emphasis on eelgrass, will be
assessed along transects adjacent to and beneath terminals in order

spectrum of over-water structures because in . State of Knowledge .
P L o . Estuarine/Nearshore Migration of Ocean-type Juvenile Salmon
mation is extremely limited for ferry terminals
and comparable structures. Although it was 3 Ferry Terminal
knowledged that much of the information wou __.---7"7| Structure and Operation \
i 1 -7 shading
not apply to ferry terminals, the benefits of ac "
mulating a broader review of over-water struc Predator Light
. . Aggregations -7
ture impacts would outweigh the need to cate learned
rize impacts by scale and type of structure. 1 behavioral |-~
. ) j ¥ respon§e7‘,
Subsequently, an intensive literature Survg | juvenite saimon Migration | -~~~ turbulence
was conducted of the scientific literature and R ouom” [-.. | WaveEnergyand 5
other technical publications, and input solicite refuge ~5<_ L ';;3
from experts in estuarine habitats and salmorf g
life histories. Over 60 direct (explicitly addres| £
o
£

prey populations

f

composition and
abundance
predation effects on

Legend
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to evaluate disruption in the juvenile salmon migratory corridor
Benthic and epibenthic invertebrate prey assemblages will als
sampled along the same transects to assess the terminals’ im
on prey production and availability in relation to the preys’ hab
requirements. Predator populations and behavior will be asse
as activity time budgets relative to the availability of juvenile
salmon.

Summary

This research will provide rigorous descriptive and experi-
mental results about juvenile salmon migration in the environ-
mental and operational context of WSDOT ferry terminals corj
tions and activities. The net interaction of light and other factq

such as salmon prey and predator composition, distribution ai

abundance will demonstrate the importance of local condition
and mitigating factors on the successful migration of juvenile

salmon past WSDOT ferry terminals. These results will establish
p thee impacts of existing facilities as well as mitigation criteria to
bantaimize or eliminate impacts from future WSDOT ferry proj-
tagcts. Although ferry terminals represent only a minor proportion
ssEdver-water structures potentially affecting juvenile salmon mi-
grations along Puget Sound, and may pose fewer impacts due to
their design and location, the results of this study should nonethe-
less advance our state of knowledge about how to identify and
mitigate for shoreline development impacts to juvenile salmon.
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